Abstract
It is understood that the set of multi-and single-pass interferograms will include changes in the area of 77 interest. The experimental results, however, suggest that the sensitivity to such changes is much reduced 78 when tomographic imaging is based on single-pass, rather than repeat-pass, interferometry. The objective of 79 this paper is therefore twofold: firstly, it is to experimentally confirm the superiority, in practice, of coherence-80 based tomography over classical SLC backprojection approaches in the context of spaceborne SAR. Secondly,
81
the objective is to demonstrate the potential of the proposed technique for vegetation analysis.
82
In addition the present study introduces a matrix filtering technique for improving the robustness of 83 super-resolution, covariance-based methods to decorrelation due to temporal changes in repeat-and single-84 pass data. 
Theoretical Background

86
Coherence-based tomography can be applied to estimate the vertical distribution of scatterers on the 87 basis of interferometric complex coherences acquired with negligible or even zero temporal decorrelation. In 88 the spaceborne case, this type of data is provided by missions such as TanDEM-X and the future L-band 89 Tandem-L mission. In [Zebk 92], the complex coherence is modeled as the product of independent decorre-90 lation factors. For example, the complex coherence γ can be expressed as: 
where k z represents the vertical wavenumber.
97
The retrieval of the normalized vertical distribution of scatterers can be achieved by exploiting the set classical SLC-based approaches.
106
The covariance matrix resulting from a combination of repeat-and single-pass acquisitions will generally 107 present a block-diagonal structure, since the coherence is typically much higher for pairs of acquisitions with 108 a small temporal baseline. This characteristic can be exploited by filtering the covariance matrix to improve 109 the robustness with respect to temporal decorrelation as discussed in Section 4. 
TanDEM-X Experimental Results
111
The present evaluation of coherence-based tomography is based on data acquired during the pursuit- 
121
In terms of calibration, it should be noted that tomography requires a common phase referencing for the 122 coherences in a stack. For the present study, the required phase screens were estimated via a singular value When the same data is considered in a pairwise manner, by building quasi single-pass interferometric 
158
Despite the sidelobes resulting from the non-optimal track distribution in terms of perpendicular baseline,
164
coherence-based tomography leads to a more sharply focused profile. For instance, it is now possible to 165 better identify the ground location and the canopy top. This result demonstrates that, given an appropriate 166 constellation, coherence-based SAR tomography could allow the desired three-dimensional information to be 167 retrieved, thereby partly addressing the issue of temporal decorrelation.
168
Figure 3: Results over boreal forest using coherence-based tomography with the TanDEM-X DEM overlaid in black. Besides the main contributions, the effects of the non-optimal sampling produce higher sidelobes within a range of ± 20 m around the main phase center. classical SLC-based backprojection, coherence-based backprojection, and Capon beam forming, respectively.
194
As before, the phase centers are well localized, which suggests a successful SVD-based calibration step.
195
Moreover, the DEM consistency validates the retrieval for this scene, as the location of the ground phase
196
center is unambiguous for the clear cuts it contains.
197
In the SLC backprojection result, the contributions from beneath the ground level are likely related to 198 temporal decorrelation that arises due to phase center variations over the months-long observation period. In Figure 9: Filtering of the time sorted covariance matrix for multi-and single-pass acquisitions. In this example, ten acquisitions are gathered at the time instants t 0 , t 1 , t 2 , t 3 , t 4 , and t 5 . The black elements are explicitly set to zero, while the elements corresponding to quasi single-pass information are kept. is much closer to the TanDEM-X one. This consistency also cross-validates the TanDEM-X DEM over 
